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Purpose: Breast cancer displays varying molecular and clinical 
features. The ability to form breast tumors has been shown by 
several studies with aldehyde dehydrogenase 1 (ALDH1) positive 
cells. The aim of this study is to investigate the association be- 
tween ALDH1 expression and clinicopathologic characteristics of 
invasive ductal carcinoma. Methods: We investigated breast can- 
cer tissues for the prevalence of ALDH1 + tumor cells and their 
prognostic value. The present study included paraffin-embedded 
tissues of 70 patients with or without recurrences. We applied 
immunohistochemical staining for the detection of ALDH1 + cells. 
Analysis of the association of clinical outcomes and molecular 
subtype with marker status was conducted. Results: ALDH1 + 
and ALDH1" tumors were more frequent in triple-negative breast 
cancers and in luminal A breast cancers, respectively (jo < 0.01). 
ALDH1 expression was found to exert significant impact on dis- 
ease free survival (DFS) (ALDH1 + vs. ALDH1" 53.1 ±6.7 months 
vs. 79.2±4.7 months; p=0.03) and overall survival (OS) (ALDH1 + 



vs. ALDH1" 68.5±4.7 months vs. 95.3+1.1 months; p<0.01). In 
triple-negative breast cancer (TNBC) patients, DFS and OS 
showed no statistical differences according to ALDH1 expression 
(ALDH1 + vs. ALDH1" 45.3 ±9.4 months vs. 81 .3 ±7.4 months, 
p=0.52; 69.0 ±7.5 months vs. 91 .3 ±6.3 months, p=0.67). How- 
ever, non-TNBC patients showed significant OS difference be- 
tween ALDH1 + and ALDH1" tumors (ALDH1 + vs. ALDH1" 77.6± 
3.6 months vs. 98.0 ± 1 .0 months; p=0.04) with no statistical dif- 
ference of DFS (ALDH1 + vs. ALDH1" 60.5±8.0 months vs. 81 .8± 
4.6 months; p=0.27). Conclusion: Our findings suggest that the 
expression of ALDH1 in breast cancer may be associated with 
TNBC and poor clinical outcomes. On the basis of our findings, 
we propose that ALDH1 expression in breast cancer could be 
correlated with poor prognosis, and may contribute to a more 
aggressive cancer phenotype. 
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INTRODUCTION 

Breast cancer is a highly heterogeneous disease that often 
acquires treatment resistance [1]. In spite of many advances in 
the therapy for breast cancer, many patients still die owing to 
recurrence. One theory that could explain the treatment resis- 
tance is the cancer stem cell (CSC) theory [2]. CSCs are a sub- 
set of tumor cells that have been thought to contribute to the 
heterogeneous nature of cancers. These cells have the capacity 
for indefinite self- renewal and differentiation like normal 
stem cells [3]. These CSCs have the capacity to give rise to all 
cell types within the tumor, and could constitute drug-resis- 
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tant cells that induce recurrence or metastasis after anticancer 
therapy. [4]. While these CSCs have been associated with poor 
prognosis in some patients with breast cancer, the relationship 
between CSCs and tumor recurrence remains unclear. Several 
previous studies have reported that disease-specific survival is 
poorer in CSC-positive patients. However, other reports have 
shown contradicting results [1,4-9]. 

A number of markers such as cluster of differentiation (CD) 
44, CD24, and aldehyde dehydrogenase 1 (ALDH1) have 
been proposed for the identification and enrichment of breast 
CSCs [10-15]. Through the study of cell surface markers, Al 
Hajj et al. [16] verified that cells with a CD447CD24" pheno- 
type have the capacity to form breast cancers. In addition, on 
the basis of ALDH1 activity, Ginestier et al. [17] reported that 
ALDH1 + tumor cells have the ability to produce tumors in 
nude mice. Additionally, several studies indicated that CD447 
CD24~ and ALDH1 + breast cancer cells have tumor- initiating 
properties, and are associated with triple-negative breast can- 
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cers [11-14]. 

These findings led us to hypothesize that the expression of 
ALDH1 might be associated with clinicopathologic outcomes 
of patients with breast cancer. In this study, we investigated 
the association of ALDH1 + breast cancer cells with disease- 
free survival (DFS), overall survival (OS), and with the breast 
cancer molecular subtypes. We evaluated the expression of 
ALDH1 to determine its clinical utility in predicting tumor 
recurrence and patients' survival. 

METHODS 

Patients 

This study was approved by the Kosin University Gospel 
Hospital Institutional Review Board (approval number, 13- 
100). Patients who underwent surgery for invasive ductal car- 
cinoma between July 2005 and March 2007 were evaluated. 
Patients were excluded if they had received palliative surgery, 
neoadjuvant chemotherapy, or neoadjuvant radiotherapy for 
preoperative metastasis of breast cancer at any site (stage IV). 
In addition, patients with < 5 years of follow up and incom- 
plete immunohistochemistry (IHC) data were excluded. We 
identified 428 patients diagnosed with breast cancer between 
July 2005 and March 2007. Of them, 70 patients (16.4%) were 
included in the current analysis (Figure 1). The patients were 
observed from the date of diagnosis until death resulting from 
any cause before September 2013. Data on age at diagnosis, 
tumor size, axillary nodal status, American Joint Committee 
on Cancer (AJCC) stage, hormonal receptor status, human 
epidermal growth factor receptor 2 (HER2) status, p53 muta- 
tion, histological grade, and lymphovascular invasion status 



428 Breast cancer patients 
who underwent surgery 








56 Other types except ductal carcinoma 




372 Ductal carcinoma 








32 Preoperative metastasis (stage IV) 




340 No preoperative 
metastasis 








225 Less than 5 years of follow up 


115 Follow up > 5 years 








45 Incomplete IHC 




70 Complete IHC 





Study population 



Figure 1 . Consolidated Standards of Reporting Trials diagram. 
IHC = immunohistochemistry. 



were available. 

Definitions of terms and follow-up evaluations 

DFS was denned as the period a patient with disease lived 
without known recurrence after surgery. OS was defined as the 
time from the primary operation to the date of death. When 
the patient showed recurrence of breast cancer at any site, we 
regarded it as a recurrent event. Patients still alive without an 
event at the last follow-up were considered censored. 

Baseline assessments including breast ultrasonography, 
mammography, chest radiography, abdominal ultrasonogra- 
phy, and bone scintigraphy were performed every 6 months, 
and positive emission tomography was performed annually. 
In case of suspicious lesions at baseline, additional radiologic 
and interventional evaluations were performed. 

Immunohistochemical Staining 

IHC was performed by using 4-\im thick, formalin-fixed, 
paraffin-embedded tissues. The tissues were dried overnight 
in an oven at 60°C, and placed in a Bond™ polymer refine de- 
tection system (Leica Biosystems Newcastle Ltd., Newcastle 
upon Tyne, UK). After deparaffinizing with Bond™ dewax so- 
lution (Leica Biosystems Newcastle Ltd.), pretreatment was 
performed by using Bond™ epitope retrieval solution 1 (Leica 
Biosystems Newcastle Ltd.) for 20 minutes at 98°C. Following 
this, the endogenous peroxidase was quenched by incubation 
with hydrogen peroxide for 15 minutes. Sections were incu- 
bated for 15 minutes at room temperature with the monoclo- 
nal antibody for ALDH1 (EP1933Y, 1:100; Abeam, Cam- 
bridge, UK) using biotin-free polymeric horseradish peroxi- 
dase-linker antibody conjugate system, and developed with 3,3 
diaminobenzidine chromogen, in a Bond-maX™ automated 
slide stainer (Leica Biosystems Melbourne Pty Ltd., Mel- 
bourne, Australia). 

Evaluation of Immunohistochemical Staining 

ALDH1 staining was evaluated in tumor cells and stromal 
cells in desmoplastic peritumoral connective tissue. Regard- 
less of the extent or intensity, ALDH1 staining was considered 
positive when the cytoplasm of each cellular component 
showed a positive reaction (Figure 2). IHC results for estrogen 
receptor (ER), progesterone receptor (PR), HER2, and p53 
were obtained from the patients' pathology reports. Hormone 
receptors such as ER and PR were evaluated by using the 
Allred scoring system, as follows: the proportion of positive 
cells and staining intensity were scored on a scale of 0 to 5 and 
0 to 3, respectively. Subsequently, the total score was calculat- 
ed by adding each score. When the total score was > 3, it was 
regarded as positive [18]. The cells were considered positive 
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Figure 2. Immunohistochemical staining of aldehyde dehydrogenase 1 (ALDH1) in tumor cells. (A) Diffuse staining was observed in cytoplasm and 
nucleus of cancer cells (positive reaction). (B) No ALDH1 staining was shown in cancer cells (negative reaction) (x400). 



for p53 expression when the nuclear reaction was > 1%. 
HER2 was analyzed according to the general guidelines set by 
the American Society of Clinical Oncology/College of Ameri- 
can Pathologists. When the IHC yielded equivocal results, the 
HER2 status was determined by using fluorescent in situ hy- 
bridization. 

On the basis of IHC, every cancer was divided into the fol- 
lowing four kinds of molecular subtypes: luminal A (positive 
for ER and/or PR), luminal B (positive for ER and/or PR and 
HER2), HER2 positive (positive for HER2 only), and triple- 
negative breast cancer (TNBC; negative for ER, PR, and 
HER2). 

Statistical analysis 

Statistical analysis was performed by using PASW version 
18.0 (SPSS Inc., Chicago, USA). Evaluation of pathologic dif- 
ferences and molecular subtypes according to ALDH1 expres- 
sion were assessed by using the Pearson chi-square test. Ka- 
plan-Meier estimates and curves were prepared for the surviv- 
al outcomes. Multivariate analysis by using the Cox propor- 
tional hazards model was performed to assess the independent 
significance of pathologic factors and survival probabilities. 
Hazard ratios and their corresponding 95% confidence inter- 
vals were computed to provide quantitative information about 
the relevance of the statistical results. All p-values were ob- 
tained by performing two-sided testing, and p < 0.05 was con- 
sidered statistically significant. 

RESULTS 

Pathologic characteristics of patients and pathologic 
differences associated with a recurrent event 

The pathologic characteristics of all patients and pathologic 
differences associated with events are given in Table 1. All pa- 



tients were women, with a mean age of 58.1 ± 10.1 years. Out 
of 70 patients, ALDH1 + and ALDH1" tumors were reported in 
27 patients (38.6%) and 43 patients (61.4%), respectively. The 
number of patients with a recurrent event was 38.6% (27/70). 
In patients with recurrent events, the T stage, N stage, AJCC 
stage, ER status, PR status, and molecular subtypes were corre- 
lated with the recurrence. 

Comparison of pathologic differences and molecular 
subtypes according to ALDH1 expression 

The comparison of pathologic differences and molecular 
subtype according to ALDH1 expression is shown in Table 2. 
In patients with ALDH1 + tumors, ER negativity was signifi- 
cantly associated with the expression of the stem cell marker 
ALDH1 (p< 0.01). No other markers correlated with ALDH1 + 
tumors. Among patients with ALDH1 + tumors, TNBC sub- 
type was observed in 15 patients (55.6%). In addition, luminal 
A subtype was observed in 26 patients (60.5%) with ALDH1" 
tumors (p< 0.01). No association was detected between ALDH1 
expression and other pathological markers. 

Association between ALDH1 expression and survival 
outcomes 

The median observation time was 80.7 months (range, 60- 
99 months) for patients who were alive until the cutoff date for 
follow-up. The DFS and OS according to ALDH1 expression 
are shown in Figure 3. In total, 38.6% (27/70) of the patients 
had tumors positive for ALDH1 expression. The mean DFS 
for all of the 70 patients was 71.4 ± 4.3 months. When the pa- 
tients were stratified according to the presence or absence of 
ALDH1 positivity, the mean DFS was 53.1 ± 6.7 and 79.2 ± 4.7 
months for the ALDH1 + and ALDH1" groups, respectively 
(p = 0.03). The estimated mean OS was 68.5 ±4.7 and 95.3 ± 
1.1 months for the ALDH1 + and ALDH1" groups, respectively 
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Table 1 . Correlation between pathologic characteristics and recurrent Table 2. Comparison of pathologic differences and molecular subtype 



event 








according to aldehyde dehydrogenase 1 expression 




Total (n = 70) 
No. (%) 


Recurrent event (n = 27) 
No. (%) 


D-X/flll IP 
jj VCllUC 




ALDH1 + (n=27) 
No. (%) 


ALDHT (n=< 
No. (%) 


T stage 






0.03* 


T stage 






T1 


24 (34.3) 


6 (25.0) 




T1 


o /no o\ 

6 (22.2) 


-A o / A h r\\ 

18 (41.9) 


T2 


39 (55.7) 


15(38.5) 




T2 


h d fr~ r\ d\ 

1 6 (59.3) 


DD ir~ c\ r~\ 

23 (53.5) 


T3 


5(7.1) 


4 (80.0) 




T3 


3(11.1) 


2 (4.7) 


T4 


2 (2.9) 


2(100.0) 




T4 


2 (7.4) 


0 


N stage 






0.01* 


N stage 






NO 


36 (51 .4) 


8 (22.2) 




NO 


15 (55.6) 


OH /AO 0\ 

21 (48.8) 


N1 


20 (28.6) 


9 (45.0) 




N1 


7 (25.9) 


ho /on o\ 

13 (30.2) 


N2 


5(7.1) 


4 (80.0) 




N2 


1 (3.7) 


4 (9.3) 


N3 


9(12.9) 


6 (66.7) 




N3 


4 (14.8) 


5 (1 1 .6) 


AJCC stage 






<0.01* 


AJCC stage 






I 


16(22.9) 


4 (25.0) 




I 


6 (22.2) 


10 (23.3) 


II 


42 (60.0) 


16(38.1) 




II 


13 (48.1) 


29 (67.4) 


III 


12(17.1) 


7 (58.3) 




III 


o /on c\ 

o (zy.bj 


4 (9.3) 


ER 






0.03* 


ER 






Positive 


39 (55.7) 


10(25.6) 




Positive 


8 (29.6) 


31 (72.1) 


Negative 


31 (44.3) 


17(53.1) 




Negative 


H (~\ t~7C\ A\ 

1 9 (70.4) 


HO /0"7 r\\ 

M [17. 9) 


PR 






0.02* 


PR 






Positive 


33 (47.1) 


8 (24.2) 




Positive 


r\ loo o\ 

9 [33.3) 


oa Irzn o\ 

Z4 (55. o) 


Negative 


37 (53.9) 


19(51.4) 




Negative 


h n loo ~7\ 

18 (66.7) 


h n / A A o\ 

19 (44. Z) 


HER2 






0.42 


HER2 






Positive 


21 (30.0) 


10(47.6) 




Positive 


7 (25.9) 


H A IO~7 r\\ 

14 (27.9) 


Negative 


49 (70.0) 


17(34.7) 




Negative 


20 (74.1)) 


29 (72.1) 


p53 mutation 






0.23 


p53 mutation 






Positive 


36 (51.4) 


11 (30.6) 




Positive 


14 (51 .9) 


nn irz h n\ 

11 (51 .1) 


Negative 


34 (48.6) 


16(47.1) 




Negative 


■HO /AD H \ 

13 (48.1) 


f~\ A /AD D\ 

21 (48.8) 


Histologic grade 






0.68 


Histologic grade 






I 


16(22.9) 


5 (31 .3) 




I 


8 (29.6) 


8 (18.6) 


II 


32 (45.7) 


14(46.9) 




II 


HO 1 AO 0\ 

1 3 (4o.z) 


H n I A a o\ 

19 (44. 1) 


III 


22 (31 .4) 


8 (36.4) 




III 


6 (22.2) 


16(37.2) 


Lymphovascular invasion 






1.00 


Lymphovascular invasion 






Positive 


20 (28.6) 


8 (40.0) 




Positive 


7 (25.9) 


13(30.2) 


Negative 


50 (71.4) 


19(38.0) 




Negative 


20 (74.1) 


30 (69.8) 


ALDH1 expression 






0.08 


Molecular subtype 






Positive 


27 (38.6) 


14(51.6) 




Luminal A* 


5(18.5) 


26 (60.5) 


Negative 


43 (61 .4) 


13(30.2) 




Luminal B* 


6 (22.2) 


8(18.6) 


Molecular subtype 






0.02* 


HER2 +§ 


1 (3-7) 


6(14.0) 


Luminal A f 


31 (44.3) 


6(19.4) 




Triple-negative" 


15(55.6) 


3(7.0) 



p-value 



0.11 



0.77 



0.08 



<0.01* 



0.09 



1.00 



0.35 



0.79 



<0.01* 



Luminal B* 
HER2 +§ 

Triple-negative" 



14(20.0) 
7(10.0) 
18(25.7) 



6 (42.9) 
5(71.4) 
10(55.6) 



AJCC = American Joint Committee on Cancer; ER = estrogen receptor; PR= 
progesterone receptor; HER2 = human epidermal growth factor receptor 2; 
ALDH1 = aldehyde dehydrogenase 1 . 

^Statistically correlated with cancer recurrence; ! ER or PR(+); *ER or PR(+) and 
HER2(+); § HER2(+) only; "ER, PR and HER2(-). 

(p<0.01). 

Survival analysis in patients with ALDH1 + and ALDH1" 
according to molecular subtypes 

The DFS and OS between ALDH1 + and ALDH1" patients 
stratified according to molecular subtypes are shown in Figure 



ALDH1 =aldehyde dehydrogenase 1; AJCC=American Joint Committee on 
Cancer stage; ER = estrogen receptor; PR = progesterone receptor; HER2 = 
human epidermal growth factor receptor 2. 

^Statistically correlated with aldehyde dehydrogenase 1 expression; f ER or 
PR(+); *ER or PR(+) and HER2(+); § HER2(+) only; "ER, PR and HER2(-). 

4. We dichotomized the molecular subtypes into non-TNBC 
and TNBC. In patients with non-TNBC, the mean DFS was 
60.5 ± 8.0 months and 81.8 ± 4.6 months for the ALDH1 + and 
ALDH1" groups, respectively. In patients with TNBC, the 
mean DFS was 45.3 ± 9.4 months and 81.3 ± 7.4 months for 
the ALDH1 + and ALDH1" groups, respectively. Both patients 
with non-TNBC and TNBC did not show any statistically sig- 
nificant DFS differences according to ALDH1 expression 
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Figure 3. Survival curves between aldehyde dehydrogenase 1 (ALDH1) + and ALDH1" patients. (A) Disease-free survival and (B) overall survival. 



1.0 



0.8 



0.6 



0.4 



0.2 



Htlt-iHtl-ihm--H 



p = 0.27 



ALDH1 
j-" Positive 
Negative 



20 40 60 8 
Disease-free survival (mo) 



100 



1.0 



0.8 



I 0.6 

=3 
CO 
CD 
.> 

1 0.4 
E 

=3 

o 

0.2 



-Hm--mti-Hi-m--m 



p=0.04 



ALDH1 
r-i Positive 
Negative 



0 20 40 60 
Overall survival (mo) 



100 



G 



1.0 



0.8 



0.6 



0.4 - 



0.2 - 



0 - 




p=0.52 



ALDH1 
j -1 Positive 
itive 



_i_ 



20 40 60 8 
Disease-free survival (mo) 



100 



© 



1.0 



0.8 - 



0.6 - 



-I 0. 
E 



.4 - 



0.2 



p = 0.67 



ALDH1 
j-i Positive 
itive 



20 



40 60 ! 
Overall survival (mo) 



100 



© 



Figure 4. Survival curves between aldehyde dehydrogenase 1 (ALDH1) + and ALDH1" patients according to molecular subtype. Disease-free survival 
in patients with (A) non-triple-negative breast cancer (TNBC) and (B) TNBC. Overall survival in patients with (C) non-TNBC and (D) TNBC. 
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(p = 027; p = 0.52). In patients with non-TNBC, the ALDH1 + 
and ALDH1" groups showed 77.6 ± 3.6 and 98.0 ± 1.0 months 
of mean OS, respectively. These results indicated a statistical 
difference between each group (p = 0.04). In contrast, in pa- 
tients with TNBC, the mean OS was not significantly different 
between those with ALDH1 + and ALDH1" tumors (69.0 ± 7.5 
months vs. 91.3 ± 6.3 months, p = 0.67) (Figure 4). 

DISCUSSION 

As CSCs are a minor population of cells associated with re- 
currence or distant metastasis after anticancer therapy, it is 
very important to understand these cells in order to improve 
the outcome of conventional cancer therapy [4,19,20]. 

We therefore investigated the importance of CSCs in the re- 
lapse of invasive ductal carcinoma cells. In this study, we used 
IHC expression of ALDH1 as a surrogate marker for breast 
CSCs. We hypothesized that the molecular characteristics and 
the clinical outcomes of breast cancer might be associated 
with ALDH1 expression. We analyzed the IHC expression of 
ALDH1 and sought to correlate these data with the molecular 
characteristics and survival outcomes such as DFS and OS in 
a cohort of 70 patients with breast cancers (invasive ductal 
carcinoma). 

Firstly, we evaluated the association between ALDH1 ex- 
pression and pathologic characteristics known to be impor- 
tant for the clinical outcome, such as tumor size, nodal status, 
hormonal receptor status, HER2 status, p53 mutation, histo- 
logic grade, and lymphovascular invasion. The correlation be- 
tween the expression of ALDH1 expression and the patho- 
logic characteristics is controversial. Neumeister et al. [5] re- 
ported that ALDH1 expression was not associated with 
pathologic characteristics. However, in two other studies, the 



expression of ALDH1 was found to be correlated with poor 
prognostic features such as high histologic grade, HER2 over- 
expression, and the absence of ER and PR expression [17,21]. 
In the present study, we were able to demonstrate an associa- 
tion between ALDH1 expression and ER negativity 

Secondly, we investigated whether a correlation exists be- 
tween ALDH1 expression and the molecular subtypes of 
breast cancer. As several reports have demonstrated the rela- 
tionship between the breast cancer subgroups defined accord- 
ing to tumor markers and the molecular subtypes, we evaluat- 
ed the expression of ER, PR, and HER2 to classify the breast 
cancers into four subtypes [22,23]. Many previous studies 
documented that CD447CD24" and ALDH1 + cells are associ- 
ated with HER2 + type breast cancer and TNBC [2,3,6,21,24]. 
Similarly, in this study, we discovered an association between 
ALDH1 expression and the molecular subtypes. We found 
that the ALDH1 + tumors were significantly correlated with 
TNBCs, and that luminal A type breast cancers occurred in a 
high proportion of patients with ALDH1" tumors. It is well 
documented that TNBCs are associated with a worse progno- 
sis than luminal A type breast cancers. Therefore, our results 
indicate that ALDH1 expression could play a role in the bio- 
logical heterogeneity and aggressiveness of breast cancer. 

Lastly, we evaluated the association between ALDH1 ex- 
pression and clinical outcomes in patients with invasive ductal 
carcinoma. Several previous studies have documented that 
ALDH1 expression was associated with a poor clinical out- 
come, and it could be an independent prognostic factor 
[5,17,25]. In this study, we were also able to demonstrate an 
association between ALDH1 expression and clinical out- 
comes. There was a significant trend toward shorter DFS and 
OS in the group with ALDH1 + tumors than in the group with 
ALDH1" tumors. With this result, we could speculate that 



Table 3. Disease-free survival and overall survival probabilities* as calculated by Cox proportional hazards regression model 







DFS 






OS 




HR f 


95% CI 


p-value 


HR* 


95% CI 


p-value 


AJCC stage 














Stage 1 




Reference standard 






Reference standard 




Stage II 


1.51 


0.38-6.05 


0.56 


0.69 


0.10-4.93 


0.72 


Stage III 


3.77 


1.11-12.81 


0.03 § 


1.18 


0.23-6.10 


0.84 


ER (positive vs. negative) 


0.35 


0.16-0.76 


0.01 § 


0.09 


0.01-0.71 


0.02 § 


PR (positive vs. negative) 


0.37 


0.16-0.85 


0.02 § 


0.31 


0.06-1.47 


0.14 


Molecular subtype 














Non-TNBC 




Reference standard 






Reference standard 




TNBC 


3.06 


1.42-6.61 


<0.01 § 


3.36 


0.67-16.80 


0.14 


ALDH1 (positive vs. negative) 


1.49 


0.58-3.80 


0.41 


7.82 


1 .60-38.22 


0.01 § 



DFS = disease-free survival; OS = overall survival; HR= hazard ratio; CI = confidence interval; AJCC = American Joint Committee on Cancer stage; ER = estrogen re- 
ceptor; PR = progesterone receptor; TNBC = triple-negative breast cancer; ALDH1 = aldehyde dehydrogenase 1 . 

*With an event defined as development of recurrence and death by disease; + Risk of recurrence; *Risk of death; Statistically associated with survival outcomes. 
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breast cancer cells with ALDH1 expression might be correlat- 
ed with poor clinical outcomes. 

In the entire patient cohort, as described above, those with 
ALDH1 + tumors showed shorter DFS than those with ALDH1" 
tumors. However, after correcting the frequency of molecular 
subtype, there were no significant DFS differences between 
patients with ALDH1 + and ALDH1" tumors regardless of the 
occurrence of TNBC. Therefore, when the tumor expressed 
ALDH1, the shorter DFS may result from the high incidence 
of TNBC rather than ALDH1 expression itself. This result was 
further verified by analyzing DFS probability with the Cox 
proportional hazard regression model. In the analysis of OS, 
the expression of ALDH1 was also associated with shorter OS. 
In terms of the molecular subtype, the OS did not significantly 
differ between patients with ALDH1 + or ALDHl" TNBC. In 
patients with non-TNBC, however, ALDH1 + tumors led to 
shorter OS than ALDH1" tumors. This result may mean that 
patients with TNBC had poorer OS than patients with non- 
TNBC when ALDH1 was expressed. Thus, ALDH1 rather 
than the molecular subtype could be a contributing factor to 
determine the OS. This result could be ascertained in the anal- 
ysis of OS probability by using the Cox proportional hazard 
regression model. Additionally, in this study, AJCC stage and 
PR seemed to be factors that influenced recurrence. By using 
the Cox proportional hazard regression model, these factors 
were found to be associated with the DFS, but not with the OS. 
Although these two factors had no influence on the OS, 
ALDH1 expression was shown as a factor that affected the OS. 
This result indicates that ALDH1 expression was a significant 
factor that affected the OS (Table 3). Three possible reasons 
could be postulated to explain such a result. Firstly, ALDH1 + 
tumors themselves might have a tendency for rapid progres- 
sion after recurrence. Secondly, ALDH1 + tumors might be 
beneficial for the progression of recurrent cancer cells as these 
tumors have the capacity to be resistant to anticancer therapy. 
Lastly, for the treatment of recurrent tumors, additional anti- 
cancer therapy could be detrimental to the survival of normal 
cells, consequently providing a growth advantage to the 
ALDH1 + tumor cells. However, as these theories have not been 
demonstrated experimentally, additional studies may be re- 
quired to determine the exact reason(s) for the short OS in pa- 
tients with ALDH1 + tumors in cases of non-TNBC. 

The limitation of this study was that only 70 of the 428 pa- 
tients (16.7%) were enrolled in this study. Therefore, addition- 
al studies on a larger cohort will be needed to confirm our 
findings. 

In conclusion, the expression of ALDH1 is associated with 
poor clinical outcomes and TNBC. The significant correlation 
of this marker with the breast cancer molecular subtypes and 
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patient clinical outcomes may suggest that the presence of 
ALDH1 + cells is associated with poor prognostic features and 
could contribute to an aggressive breast cancer phenotype. 
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